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Abstract We present the multi-wavelength observations of a flux rope that was
trying to erupt from NOAA AR 11045 and the associated M-class solar flare
on 12 February 2010 using space and ground based observations from TRACE,
STEREO, SOHO/MDI, Hinode/XRT and BBSO. While the flux rope was rising
from the active region, an M1.1/2F class flare was triggered nearby one of its
footpoints. We suggest that the flare triggering was due to the reconnection of
a rising flux rope with the surrounding low-lying magnetic loops. The flux rope
reached a projected height of ≈ 0.15R with a speed of ≈90 km s−1 while the
soft X-ray flux enhanced gradually during its rise. The flux rope was suppressed
by an overlying field and the filled plasma moved towards the negative polarity
field to the west of its activation site. We find the first observational evidence
of the initial suppression of a flux rope due to a remnant filament visible both
at chromospheric and coronal temperatures that evolved couple of days before
at the same location in the active region. SOHO/MDI magnetograms show the
emergence of a bipole ≈12 h prior to the flare initiation. The emerged negative
polarity moved towards the flux rope activation site, and flare triggering near the
photospheric polarity inversion line (PIL) took place. The motion of the negative
polarity region towards PIL helped in the build-up of magnetic energy at the
flare and flux rope activation site. This study provides a unique observational
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evidence of a rising flux rope that failed to erupt due to a remnant filament and
overlying magnetic field, as well as associated triggering of an M-class flare.
Keywords: Solar flare – coronal loops, magnetic field, flux rope, magnetic
reconnection.
1. Introduction
Magnetic dynamo action in the solar interior continuously generates magnetic
flux tubes that rise through the photosphere, add new magnetic flux systems to
the photosphere, and finally fan out in the corona (Schrijver and Title, 1999; As-
chwanden, 2004). Such magnetic flux systems in the active regions are aligned
with overlying arch filament systems, emerging in the form of Ω/U-loops, or may
exhibit “sea-serpent”–like shapes (Aschwanden (2004) and references therein).
The newly emerging and growing magnetic fluxes may compel the topological
changes in the overlying coronal magnetic fields, which may involve magnetic
reconnection processes and their consequence in the form of eruptions at large
and small spatial-temporal scales. MHD simulations of such magnetic flux tubes
have been performed in the subphotospheric layers (Fan, 2001; Fan and Gibson,
2003; Fan and Gibson, 2004) and also in the corona (Shibata et al., 1990).
Emergence of magnetic field and its reconnection with the pre-existing field
is not only responsible for the occurrence of large-scale eruptive phenomena,
but it may also be the triggering mechanism for small-scale solar transients and
explosive events (Roussev et al., 2001a,2001b, 2001c). Recently, the emergence
of magnetic flux rope from the convection zone to the corona and its interaction
with the pre-existing fields have been modelled and simulated by various authors
(e.g., Archontis et al., 2004, 2005, 2007).
The emergence of a dipole is not a sufficient condition to trigger a flare,
because the emerging flux region may be too small or may have a non-favourable
orientation (Martin et al., 1984; Aschwanden, 2004). Pre-flare brightenings and
flares probably may not have direct relevance with the emerging flux tubes in
many cases. However, they may be associated with the coupled energy release
processes such as current driven plasma micro-instabilities, etc.(Karpen and
Boris, 1986). It is most likely that the magnetic flux emergence does not trigger
flares directly, but may instead increase the magnetic complexity locally by
adding new magnetic flux and, helicity, or by inducing motions of sunspots.
When this magnetic complexity crosses the critical threshold, flares and associ-
ated eruptions may be triggered (Aschwanden, 2004; Srivastava et al., 2010).
However, flare models that are directly driven by flux emergence have also
been reported (Heyvaerts, Priest, and Rust, 1977; Aschwanden, 2004). More-
over, the rising process of the magnetic field through the convection zone and
its emergence through the photosphere, chromosphere and corona are not well
understood. The exact reason of the activation of helicity and twist in the pre-
existing magnetic flux ropes are also not well explored both in the observations
and theory.
The magnetic flux from the sub-photospheric levels may also be associated
with the helicity and twist, which leads to more stored magnetic energy and
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instabilities. Recently, more observational signatures became evident that one of
the origins of this twist is at a near sub-photospheric level from which the flux
tube swirls above the surface (Bonet et al., 2008; Wedemeyer-Bo¨hm and Rouppe
van der Voort, 2009). These phenomena are also described by recent theoretical
models (Simon and Weiss, 1997; Shelyag et al., 2011; Shelyag et al., 2011; Fedun
et al., 2011). The solar flares are mainly distinguished by two categories, i.e., con-
fined and eruptive flares, and both of them usually take place in rather complex
morphology of overlying magnetic fields in the active regions. The helicity and
instability generated in such complex magnetic fields are the most likely cause of
stored excess energy in the active regions that is later released in the form of solar
flares and initiates the related plasma eruptions. The emergence of such twisted
and unstable magnetic flux tubes, or their activation and interactions in the
active regions, may also trigger the flare energy release and associated eruptions
as studied recently by ,e.g., Kumar, Manoharan, and Uddin (2010a), Kumar
et al. (2010c), Kumar et al. (2010b), Srivastava et al., 2010. On the modelling
side, most of the numerical simulations have used magnetic flux emergence and
sunspot rotation caused by photospheric plasma flows to increase the magnetic
helicity leading to the final eruption (e.g., Amari et al., 2000, To¨ro¨k and Kliem,
2003, 2005).
Shen, Liu, and Liu (2011) have reported the dynamics of a filament that failed
in the eruption several times, and finally succeeded to erupt with the triggering of
a C-class flare process and associated CME on 8 February 2010 from active region
(AR) NOAA 11045. Before that work, the observational evidence of flux ropes
failed in eruption has been reported as well (Ji et al., 2003; Alexander, Liu, and
Gilbert, 2006; Liu et al., 2009). Filippov and Den (2001) have studied the critical
height and compared it with the stability criterion of the filaments. However,
most of the previous observational studies of failed eruption could not reveal the
exact mechanism associated with it. In this paper, we will study the dynamics
of a flux rope in the AR 11045 on 12 February 2010 that moved up higher in
the corona but still failed in the eruption. We also study the energy build-up
and release processes of an M-class flare associated with the activation of this
flux rope. We find the first observational signature of the rising flux rope that
is failed due to an overlying remnant filament. In Section 2 we will present the
multi-wavelength observations. We will discuss the magnetic configuration and
scenario of the event in Section 3. Discussion and Conclusions will be presented
in the last section.
2. Observations
The active region NOAA 11045 appeared to be very dynamic and produced
more than 40 flares above C-class from 6 to 14 February 2010 (Xu et al., 2010)
during its passage over the solar disk. NOAA 11045 continued to decay on 12
February 2010 and was located near the western limb (≈N22,W66) showing a
β magnetic configuration (Figure 1). However, this active region also showed a
rapid and large flux emergence during its journey over the solar disk. According
to GOES soft X-ray flux measurements the M-class flare on 12 February 2010
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Figure 1. NOAA AR 11045 on 12 February 2010. Red (solid) contours show the positive
polarity magnetic fields whereas blue (dashed) contours show the negative polarity field regions.
The region shown by circle indicates the site of new flux emergence in the vicinity of the flare
and flux rope activation site. Solar north at the top, west to the right in this and all the
following figures.
was started at ≈17:52 UT, reached a maximum at ≈18:08 UT, and ended at
≈18:15 UT (refer to Figure 4). The flare was classified as 2F which initiated
at ≈17:59 UT and ended at ≈18:41 UT in Hα. The flare plasma was gradually
rising with the activation and upward motion of a rising flux rope at the same
site, which finally failed in the eruption. In the following subsections we describe
the multi-wavelength observations of a rising twisted flux rope and associated
M-class flare.
2.1. BBSO Hα and STEREO Observations
Figure 2 displays selected Hα images of the active region observed at Big Bear
Solar Observatory (BBSO). A careful investigation of the Hα data reveals a rising
bright twisted flux rope structure below the remnant dark filament (indicated
by arrows). The Hα images show a rising bright structure as part of the flux
rope, and two ribbon flare nearby one of the footpoints at its activation site.
However, we note that there was a small remnant filament structure lying above
the rising flux rope. This part of the filament was visible before and after the
activation and rise of the flux rope, and acted like a semi-circular cavity inside
which the twisted flux rope was situated and confined initially. Here we note
only that this moving structure is not a part of an existing filament. However, it
can be a part of a complex flux rope containing both the remnant filament and
the flux tubes that, were not filled with dense plasma initially. The bright flux
rope in Hα indicates a high temperature of the structure compared to the cool
quiescent filaments. Twists in the structure may also be noticed in these images,
showing a transversal kink–like structure.
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Figure 2. Hα image sequences from BBSO (Big Bear Solar Observatory) showing the acti-
vation of the flux rope, triggering an M1.1/2F flare (shown by yellow arrows) overlying the
activated flux rope. In the top-left panel the remnant filament in the form of a black cool arch
is overlying the activated flux rope causing its suppression initially.
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Figure 3. STEREO A /SECCHI 304 A˚ (He ii) negative images showing the activation of a
flux rope, and the triggering of the M1.1/2F flare in NOAA AR 11045 at the activation site
nearby its eastern footpoint.
Figure 3 is a selected but typical sequence of EUV (304 A˚) STEREO-A /SEC-
CHI images. This wavelength corresponds to the emission from ionized helium
(He ii), which forms at temperatures above 80,000 K. The BBSO Hα images
represent the plasma formed at 104 K temperature in the chromosphere, while
the STEREO He ii 304 A˚ images also reveal the upper chromosphere and lower
transition region at greater temperature. The NOAA AR 11045 was located near
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Figure 4. GOES soft X-ray flux profile (thick black curve) and rise and fall motion of the
hot plasma (thin red curve). The latter is represented by location of the leading edge of the
bright structure measured from the line connecting the flux rope footpoints.
the center of the solar disc (in the eastern side) in the field of view of STEREO-
A SECCHI. On the other hand, TRACE also observed NOAA AR 11045 near
to the western limb. Therefore, the observations of the same active region from
different angles provide the opportunity to view the structure from different view
angles. These observations show a rising plasma structure maintained at coronal
temperature as indicated by arrows. Initially, the structure was visible at 17:51
UT associated with a flare initiation (refer to the first image). Then, the plasma
associated with the flux rope started to move up. The flare was triggered nearby
the eastern footpoint of the structure as it moved away from the active region.
The flare maximum took place at ≈18:07 UT. The leading edge of the twisted
structure reached the maximum distance from the footpoint, at the projected
height of ≈150 Mm (see the panel at 18:11 UT on Figure 3). The flare brightening
started to reduce as the structure started to bend towards the western side of
the active region. The leading edge of the flux rope moved up to the western
part of the AR (see the panel at 18:26 UT on Figure 3). This snapshot shows
the multiple twisted flux tubes in the flux rope structure.
Figure 4 (red curve) shows the projected distance vs. time profile of the
leading edge of the flux rope derived from the STEREO A/SECCHI 304 A˚ image
sequence. This is the lower bound to the estimated height, and the actual height
may be much larger. This figure reveals that the rising motion of the flux rope
shows good correlation with the soft X-ray flux enhancement. This may be the
most likely signature of a magnetic reconnection between the flux rope and the
surrounding lower loop-system. The reconnection process seems to progress with
the rising motion of the flux rope and resulted in the slow rise in soft X-ray flux.
The flux rope reached the maximum height of ≈1.2×105 km and then its leading
edge slowly moved down towards the active region as a hook shaped structure,
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Figure 5. STEREO A /SECCHI 171 A˚ EUV negative image sequence showing the activation
of a flux rope, and triggering of the M1.1/2F flare.
which was connected to the western side of the AR. From the linear fit to the
positions of the leading edge of the rising and bending flux rope, its ascending
speed was estimated as ≈90 km s−1, while the bending speed was ≈115 km s−1.
These are the lower-bound projected speeds derived from the linear fit of the
motion of the leading edge of the flux rope plasma in the EUV image sequence.
Both these lower bound speeds show a slower evolution followed by suppression
of the flux rope during the total span of the flare activity.
Figure 5 depicts the NOAA AR 11045 observed by SECCHI EUV in the 171
A˚ wavelength, which corresponds to the plasma temperature of 1.3 MK. In these
data the same rising flux rope structure in coronal temperature can be clearly
identified. Analysis of the data shows the magnetic topology of the active region
connecting smaller and higher loop-systems. The small post-flare loop system
near to the flare and flux rope activation site can be seen during the decay phase
of the flare (refer to snapshots at 18:18 UT). These post-flare loop systems were
formed after the flaring activity at the flux tube activation site near the polarity
inversion line (PIL). The chromospheric BBSO Hα and STEREO/SECCHI He
ii (304 A˚) image sequences reveal the low-atmospheric scenario of the flux rope
dynamics at its activation site near the PIL, its encounter with the remnant
filament and subsequent suppression in the rising motion, and the brightening of
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flare ribbons as a signature of particle acceleration from the reconnection site. On
the other hand, the STEREO/SECCHI 171 A˚ TRACE and XRT observations
provide the clues of the rising flux rope in the coronal field and its reconnection
with nearly closed loop systems that released the stored flare energy.
2.2. TRACE and Hinode/XRT Observations
TRACE (Transition Region and Coronal Explorer) provides the opportunity to
observe the Sun from the chromosphere to the corona (Handy et al., 1999). We
have analysed TRACE 195 A˚ (Fe xii, T≈1.5 MK) and 1600 A˚ (T≈4000-10000
K) time sequences. The field of view for each image is 1024×1024 with 0.5′′
pixel−1 resolution. The typical cadence for TRACE images is 20-60 s.
Figure 6 displays selected TRACE 195 A˚ negative images during the flare
activity. The TRACE data have been calibrated and analysed using standard
IDL routines in the SolarSoft package. The top-left panel is best interpreted as
the potential-field configuration of the active region, with field lines connecting
in the form of higher and smaller loop systems. The snapshot at 17:55 UT shows
the rising flux rope lying below the eastern small loop-system as indicated by an
arrow. The flare was produced near one of the footpoints of the rising flux rope.
The thickness of the flux rope in the corona is ≈40 Mm. The remnant filament
can also be seen in these images (e.g., at 18:14:40 UT, indicated by the arrow
and circle). This filament lay over the rising flux rope. The flux rope showed the
twist structure with dips at 18:18:49 UT in the corona. A supplementary TRACE
movie shows the suppression of motion in the flux rope, which was possibly
associated with the overlying higher loop system in the active region. Then,
the plasma filled in the flux rope moved towards the negative polarity where its
another footpoint was anchored. The TRACE high resolution observations reveal
fine structures of the rising flux tube (e.g., the bunch of thin flux tubes showing
a kink structure as well as some of nearby loop systems), which were not visible
in STEREO SECCHI 171 A˚ observations. It is only clear from analysing the
TRACE images that the rest part of the rope has been repelled and suppressed
by the overlying coronal field.
The left panel of Figure 7 shows TRACE 1600 A˚ chromospheric data overlaid
by SOHO/MDI magnetogram contours (red and blue show positive and negative
polarity regions, respectively). The rising bright flux rope is highlighted by an
arrow nearby the negative polarity spot. Two ribbons (indicated by R1 and
R2) were formed as the flux rope moved along the PIL. TRACE 1600 A˚ high
resolution observations reveal the two ribbon flare and the activation site of the
flux rope near to it. This enables us to understand the spatial configuration
of this very unique site where the flux rope activation, the M-class flare and
related plasma processes took place. The right panel of Figure 7 displays a
Hinode/XRT (Golub et al., 2007) image with the coronal part of the flux rope
and the associated flare (indicated by arrows). The activation of magnetic twist
is clearly visible in the magnetic–field-dominated soft X-ray corona. The multi-
wavelength and simultaneous view of the rising flux rope indicates the multi-
temperature plasma filled in it.
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Figure 6. TRACE 195 A˚ EUV negative image sequence showing the activation of the flux
rope, and the triggering of the M1.1/2F flare. The remnant filament is indicated by the arrow
in the middle right image.
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Figure 7. Left: TRACE 1600 A˚ image overlaid by SOHO/MDI magnetic field contours. Red
and blue show the positive and negative polarities. The flare ribbons ‘R1’ and ‘R2’ are indicated
by arrows. Right: Hinode XRT image showing the activation of the flux rope, triggering the
M1.1/2F flare.
2.3. SOHO/MDI Magnetograms
In the above subsections we have analysed the rising flux rope from the chro-
mosphere to corona, its suppression due to the remnant filament cavity, and its
association with the M-class flare. In the present section, we use SOHO/MDI
magnetograms to study the magnetic-field evolution before and during the flux
rope rising/activation and its associated flare. The size of the field of view of
each image is 1024×1024 (2′′ pixel resolution) with a cadence of 96 min (Scherrer
et al., 1995). We use the standard SolarSoft library to correct for the differential
rotation and analyse the magnetograms.
Figure 8 displays the sequence of MDI images on 11 and 12 February 2010. The
MDI time-sequence reveals some very interesting features of the flux emergence.
The top-right image clearly shows the emergence of two opposite polarities (in-
dicated inside the circles) on 12 February 2010. This newly emerged flux grew
continuously later on. Next, a considerable change in the emerging polarities
(indicated by arrow) is demonstrated. The negative polarity showed motion in
the south-west direction, whereas the positive polarity migrated in the north-east
direction. The flux rope structure rose in the western part of the growing negative
polarity region. The flux rope was activated and moved up in the eastern side
of a widely spread positive polarity magnetic flux concentrations near the PIL.
The motion of the negative polarity towards the flare and flux rope activation
site is also observed in the MDI time sequence.
To confirm this motion that is very crucial to understand flare energy build-
up, we measure the photospheric horizontal flow pattern in and around the
emerging bipole in the active region. We use the Fourier Local Correlation
Tracking Technique (FLCT) on SOHO/MDI data sequences for this purpose
(Welsch et al., 2007; Fisher and Welsch, 2008). The main input parameters
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Figure 8. SOHO/MDI magnetograms of the flux rope emergence location. The top-right
image shows the flux emergence of opposite magnetic polarities (indicated by circles). Ar-
rows indicate the positive polarity flux emergence. The images in the bottom panel show the
emergence of negative polarity region (indicated by circles).
for this technique are two images, f1 and f2, the pixel separation (∆s), time
separation (∆t), and a Gaussian window size (σ). This routine calculates the
(two dimensional) velocity by maximizing the cross-correlation between the two
images when weighted by a Gaussian window centered on each pixel location.
In our study, we use the two SOHO/MDI frames at different times before the
flare. After a careful investigation, a Gaussian window with σ = 15′′ was chosen.
Figure 9 displays the photospheric velocity map obtained by the FLCT technique
using SOHO/MDI magnetograms. The longest arrow corresponds to a velocity
of 0.335 km s−1. It may be noted that the map shows the opposite flows in
the emerging bipole. The negative polarity moved in the south-west direction
where the flux rope activation and flare occurred, whereas the positive polarity
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Figure 9. FLCT photospheric flow map derived from MDI magnetograms on 12 February
2010. The longest arrow corresponds to the flow speed of ≈335 m s−1.
Figure 10. Semi-circular filament in the active region NOAA 11045 on 11 February 2010.
(Courtesy of Catania Astrophysical Observatory). The size of the image is 200′′×180′′.
move oppositely in the eastward direction. This motion may develop twist in
the emerging bipole and store the magnetic energy for the event. As we have
seen, the energy was finally released due to the flux rope activation and its
reconnection with the pre-existing magnetic field.
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3. Magnetic Configuration and Scenario of the Event
In Section 2, we described the multi-wavelength and magnetic field observations
of the rising twisted flux rope and the associated M-class flare. In the present
section, we elaborate the magnetic field configuration of the flaring region and
related processes in the light of the multi-wavelength observational scenario.
A semi-circular filament was observed on the northern border of the active
region NOAA 11045 couple of days before the event (Figure 10). It had been
located at the same place where the twisted EUV structure and the bright Hα
arch were observed on 12 February 2010, and the shape was also the same. On the
previous days the eastern side of the filament was clearly related to a positive
polarity sunspot. Some connectivity is still visible in Figure 10, particularly
on 11 February 2010. Comparison with the BBSO filtergrams on 12 February,
before the event, shows that only the eastern part of the filament existed on
11 February 2010. However, propagation of brightening along a trajectory that
coincided with the shape of the whole semi-circular filament suggests that the
magnetic structure remained nearly the same during these two days despite the
absence of visible plasma in the western part of the structure.
We may assume that a twisted magnetic flux rope existed in the northern
area of the active region NOAA 11045 (see a cartoon outlined in Figure 11).
One end of the flux rope was rooted near the positive polarity sunspot, while
the other end was rooted in the area of negative polarity westward of the area of
positive polarity. The flux rope was aligned along the polarity inversion line and
surrounding the positive polarity on the north. On 11 February, the whole length
of the flux rope became filled with cold and dense plasma, which constituted the
filament. On the next day, only the eastern part of the flux rope was filled with
plasma and it looked as if a separate strand of the flux rope (marked as FR2 in
Figure 11) was rooted at some place to the north of the polarity inversion line
near the middle of the flux rope.
At 17:44 UT on 12 February, activation of the flux rope started near its eastern
end, which manifested itself by motion and heating of the filament material.
There is no clear evidence of rising motion of the whole body of this filament
segment. Plasma heated to different temperatures spread along the field lines of
the flux rope. The multi-temperature nature of the event allows one to see the
process in different wavelengths from Hα to soft X-rays. The activation affected
only those strands of the flux rope (marked as FR1 in the Figure 11) that were
connected to the area of negative polarity to the west of the positive polarity.
Thus, we can assume that the two bunches of strand were individual flux ropes,
FR1 and FR2, braided together. The northern section of FR2 passed over the
FR1 and stayed undisturbed during the propagation of brightening along the
FR1 below it. The plasma in FR2 plasma was seen as a dark filament in Hα and
as a dark loop-like feature crossing bright FR1 threads in EUV images. Since
the northern end of FR2 was rooted close to the place of crossing of the two
ropes, possibly, this anchoring have prevented FR1 from rising up and erupting.
At a late phase of the event, FR2 became also activated. It was slightly shifted
up and became heated. This is the reason why this arch disappeared in Hα and
EUV images in the middle of the event but appeared again after its ending.
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Figure 11. Schematic representation of the magnetic configuration of the active region NOAA
11045. ‘FR1’ and ‘FR2’ are parts of the flux rope containing the filament. ‘R’ and ‘FL’ represent
the flare ribbons and flare loops respectively.
The bright twisted threads in FR1, after coming out from under FR2, ex-
panded into a wide structure that at first increases its height but then decended.
Plasma flowed along helical flux tubes to the western end of the flux rope, while
the flux tubes themselves showed complex untwisting and writhing motion.
After 18:00 UT, two short flare ribbons began to progress near the site of
the initial filament activation. Soon bright flare loops, connecting the ribbons,
appeared above the filament. This is not typical for two-ribbon solar flares.
Usually flare loops appear below erupting filaments. However, there are other
examples of such a behavior. For example, flare loops were seen above the stable
part of an eruptive filament in the complex event on 20 September 1998 (see
TRACE 171 A˚ movie # 21 at the TRACE site http://trace.lmsal.com/POD/).
The flux rope images of STEREO A/SECCHI in 171 A˚ and 304 A˚ (cf., last
snapshots of Figures 3 and 5) validate the schematic diagram and magnetic field
environment.
The process of the initial filament activation is of smaller spatial scale and its
mechanism is yet unclear to us. However, we suggest that rapid changes in the
magnetic field close to this place are the main factor that influences the initiation
of the filament activation and the flare. Rapid emergence of new magnetic flux
and fast motion of the negative polarity in the direction to the opposite polarity
towards PIL squeezed significantly the flux rope and must have lead to some
instability and energy release.
The event might be called a failed filament eruption but the absence of fil-
ament material in the significant portion of the flux rope before the activation
makes this appellation ambiguous. It is better to refer to this event as a failed
flux rope eruption. The ambient magnetic field may have been strong enough to
prevent the flux rope from erupting. The flux rope was presumably in a stable
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equilibrium. The disturbance have led only to oscillations near the equilibrium
position as well as untwisting and writhing motion.
4. Discussion and Conclusions
In the present paper, we showed a rare multi-wavelength observation of a rising
twisted flux rope on 12 February 2010 from NOAA AR 11045. The flux rope
was activated in the vicinity of a remnant filament structure and moved up
in the corona as visible in Hα, EUV and soft X-ray observations. An M-class
flare was triggered as the leading edge of the brightening moved away from
the active region with a (projected) speed of ≈90 km s−1. A two-ribbon flare
progressed well with the ascent of the flux rope. Most likely, the lower part of
the flux rope structure reconnected with the surrounding low-lying loop system
causing the flare. The flux rope reached to the maximum height and then it was
suppressed by the overlying fields as the bending of the rope was observed in
TRACE EUV observations. An analysis of associated MDI magnetograms show
the emergence of a dipole ≈12 h prior to the flare and flux rope activation. The
continuous growth and motion of two spots in the opposite direction (particularly
the negative polarity spot), helped in building the magnetic energy necessary to
initiate a flare in the vicinity of the negative spot, where the flux rope activation
took place. The structure moved up near the polarity inversion line and its end
was anchored to the negative polarity field region resulting failed eruption.
Using SOT (Solar Optical Telescope) onboard Hinode, vector magnetic field
observations of NOAA AR 10953, Okamoto et al. (2008) found the signature of
an emerging helical flux rope beneath an active region prominence. They have
found that a helical flux rope was emerging from below the photosphere into
the corona along the PIL under the pre-existing prominence, and, suggested
that the emergence of the helical magnetic flux rope was associated with the
evolution and maintenance of the prominence as after the emergence of the flux
rope prominence became more stable. In our case, we do not see any evidence
of positive flux emergence near the flare and flux rope activation site. However,
we have found such signature on the eastern side of PIL. Instead, a unique
situation was created in the form of the activation of twisted flux rope that
was going below the remnant filament channel and being failed finally. Further,
the overlying filament had not changed much during the rise of the flux rope.
The reconnection of this rope with the surrounding field probably led to the
flare energy release at the activation site. The rise of the helical flux rope that
underwent reconnection with lower coronal fields, had possibly carried material
into the corona and remnant filament cavity as recently observed (Okamoto
et al., 2009; Okamoto, Tsuneta, and Berger, 2010). The rising motion of the flux
rope (≈90 km s−1) was possibly related to the outflow driven by the magnetic
reconnection between the flux rope and the pre-existing coronal field in AR 11045
at the flare site.
In conclusion, we have presented here the first multi-wavelength observation
of the unique event of a failed flux rope most likely due to the remnant filament in
the beginning and then by an overlying coronal magnetic field. This interesting
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dynamics in the vicinity of rapidly emerging bipolar region and motion of its
negative polarity towards the flux tube activation site may have provided the
initial conditions for the flare energy build-up, and then its release due to the
reconnection of the rising flux tube with the pre-existing field lines at the flare
site. Further and more elaborative multi-wavelength campaign should be carried
out using the latest space (e.g., Hinode, STEREO, SDO (Graham et al., 2003;
Lemen et al., 2011)) and ground-based (e.g., SST, ROSA (Scharmer et al., 2003;
Jess et al., 2010)) observatories to shed more light on such unique energy build
up and release processes of solar flares associated with rapidly emerging active
regions.
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